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Description

[0001] This invention relates to a runner for a turbine
or other machine, and particularly, but not exclusively to
a runner for a hydraulic machine such turbine, pump or
pump turbine used, for example in a hydroelectric power
station. The invention also relates to a method of assem-
bling such a runner, and to a hydraulic machine incorpo-
rating such a runner.

[0002] The invention relates particularly to a Francis-
type runner for a hydraulic machine intended to have a
forced flow of water passed through it. In a turbine such
as a Francis turbine, such a flow has the effect of rotating
the runner. When the machine is a pump, such a flow
results from this rotation.

[0003] It is known in the art that a hydraulic machine
of the type described above comprises Francis type run-
ners that each comprise a band, a crown and blades
extending between the band and the crown.

[0004] Such arunner may be made of one piece which
may be formed as a cast, or may be welded. However,
hydraulic machines of the type described herein may
have large dimensions, particularly if the machine is for
use in a hydroelectric power station. As such, the runners
can be expensive to manufacture, and difficult to trans-
port. In addition, the manufacture and construction of
such a runner requires skills that are becoming increas-
ingly difficult to find in the existing workforce. Further, the
manufacture of such a runner may present health and
safety issues due to the need to enter hydraulic passages
of the runner in order to perform welding and grinding
operations, for example.

[0005] In known hydraulic machines of this type, it is
known to split the turbine runner into two or more seg-
ments in order to permit the runner to be transported from
the manufacturing site to the location at which it is to be
used. In such known hydraulic machines, the runner seg-
ments are assembled by making welding joints at the
crown, the band and the split blades.

[0006] According to a first aspect of the presentinven-
tion there is provided a runner for a hydraulic machine
comprising one or more of a band; a crown; a plurality of
blades preferably extending between the crown and the
band, wherein the runner preferably comprises a plurality
of runner segments which may together define the run-
ner, each runner segment preferably comprising a band
portion, a crown portion and a blade, which portions may
be integrally formed with one another. Each runner seg-
ment may be attachable to another segment at a band
joining edge and a crown joining edge, wherein the band
joining edge and the crown joining edge may be each
spaced apart from the blade of the segment.

[0007] The hydraulic machine may comprise any ma-
chine such as a turbine, pump or pump turbine. In em-
bodiments of the invention, the hydraulic machine com-
prises a Francis turbine or Francis pump. The hydraulic
machine may be adapted for use in a hydroelectric power
station.
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[0008] The runner may also comprise a Francis-type
runner.
[0009] Because a runner according to the present in-

vention is formed from a plurality of runner segments,
some of the disadvantages highlighted above are over-
come.

[0010] Inaddition, each runner segmentmay comprise
aband portion, a crown portion and a blade. The portions
of a runner segment may be integrally formed. A runner
segment may be formed by any convenient means and
may for example be cast.

[0011] In each segment, the band may have at least
one band joining edge and the crown portion may have
atleast one crown joining edge. Each of the joining edges
may be spaced apart from the blade of the segment. In
other words, the blade may extend from a portion of the
band portion that may be spaced apart from the band
joining edge, and may extend to a portion of the crown
portion that may be spaced apart from the crown joining
edge.

[0012] This means that when two segments are joined
together when forming the runner, it will not be necessary
to form any joints near to the blade. This overcomes a
problem in existing prior art runners formed from runner
segments where joints are formed at the most stressed
areas, such as at ajunction between the blade and either
the crown or band portions.

[0013] By means of the present invention therefore it
is not necessary to weld the blade to a crown portion or
a band portion when forming a runner, nor is it necessary
to form joints near to the blade, due to the positioning of
the blade away from joining edges of the runner segment.
[0014] In embodiments of the invention each runner
segment is substantially the same size and shape as
each other runner segment.

[0015] This means that all segments may be formed
from the same casting mould, for example.

[0016] When the joints are formed from welds, itis pos-
sible for all welds to be performed from outside of the
runner thus avoiding the accessibility issues health and
safety issues for welders.

[0017] In embodiments of the invention each crown
portion may have a first crown joining edge and a second
crown joining edge, and each band may have a first band
joining edge and a second band joining edge.

[0018] The first and second crown joining edges may
be spaced apartfrom one another to define opposite edg-
es of the crown portion. Similarly, the first and second
band joining edges of the band portion may be spaced
apart from one another to define edges of the band por-
tion.

[0019] Inembodiments of the invention, the blade may
extend from an area of the crown portion that may be
spaced apart from and between the first and second
crown joining edges, and may extend to an area of the
band portion that may be spaced apart from and between
the first and second band joining edges.

[0020] This position of the blade ensures that the blade
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is positioned away from the joining edges of the runner
segment. This in turn ensures that it is not necessary to
form welds and other joints anywhere near the most
stressed areas of the runner segment, such as between
a blade and a crown or band portion.

[0021] In embodiments of the invention the band join-
ing edges and/or the crown joining edges may be curved.
The curved shape of the joining edges enables the joining
process to be carried out more efficiently, as will be de-
scribed in more detail hereinbelow.

[0022] The joining edges may have any particular
curve. In preferred embodiments of the invention the join-
ing edges preferably define an arc of a circle or an arc
of an ellipse. In other embodiments of the invention, the
joining edges may define an elliptical curve, for example.
[0023] According to a second aspect of the present
invention there is provided a method of assembling a
runner. The method may comprise one or more of the
steps of forming a runner segment preferably comprising
aband portion, a crown portion and a blade as an integral
component, such that the band portion may comprise a
first band joining edge and a second joining edge, the
crown portion may comprise a first joining edge and a
second joining edge, which edges may be spaced apart
from the blade; and joining a plurality of runner segments
together at the joining edges to form the runner.

[0024] In embodiments of the invention, the runner
segments may be joined together by welding.

[0025] In some embodiments of the invention, the
welding may be narrow gap welding, although other weld-
ing processes could also be used.

[0026] Narrow gap welding may be carried out on an
external surface of each segment thus making the proc-
ess more efficient and safer.

[0027] Through use of narrow gap welding techniques,
the quality of the weld may be enhanced. In addition, the
weld volume may be reduced. Further, when automatic
narrow gap welding techniques are used all weld param-
eters may be recorded.

[0028] Insome embodiments of the invention the weld-
ing is carried out automatically using an automatic weld-
ing tool such as a robotic welding tool. In such embodi-
ments, the welding tool may follow a curved trajectory
during the welding process.

[0029] In embodiments of the invention, the trajectory
may define a cylindrical surface.

[0030] By having a trajectory that follows a predeter-
mined path, the welding process is simplified, and auto-
matic welding is possible.

[0031] In embodiments of the invention, the curve of
the trajectory followed by the welding tool may have any
convenient radius, and in some embodiments of the in-
vention the radius of a surface of a cylinder defining the
trajectory followed by the welding tool may be infinite. In
such circumstances, the trajectory will be a straight line.
[0032] By means of the present invention, a runner for
a hydraulic machine is formed from a plurality of runner
segments that are substantially identical to one another.
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Each runner segment will have first and second crown
joining edges and first and second band joining edges.
[0033] All of the joining edges are shaped to define an
arc of a circle or other curved shape. It is therefore pos-
sible to make use of narrow gap welding using a robotic
welding tool which may be programmed to follow a tra-
jectory which follows the curve of the joining edges. In
this way, a weld may be formed along adjacent joining
edges in order to join adjacent runner segments to form
the runner.

[0034] Accordingtoathird aspectoftheinventionthere
is provided a hydraulic machine comprising a runner ac-
cording to the first aspect of the invention.

[0035] The invention will now be further described by
way of example only with reference to the accompanying
drawings in which:

Figure 1 is a longitudinal cross-section of a turbine
with a Francis runner, including a rotatable turbine
shaft coupled to the runner;

Figure 2 is a schematic perspective view of a Francis
runner according to an embodiment of the invention;

Figure 3 is a side view of the Francis runner of Figure
2

Figure 4 is a schematic cross-sectional representa-
tion of the Francis runner of Figure 2 showing how
individual runner segments are welded together;

Figure 5 is a schematic representation of a runner
segment forming part of the Francis runner of Figure
2

Figure 6a is a schematic representation of two of the
runner segments forming a pump turbine of a
pumped storage plant (PSP), illustrating the curved
trajectory followed by a welding tool to join the seg-
ments together;

Figure 6b is a schematic representation of a runner
of a pumped storage plant (PSP) produced in ac-
cordance with the invention;

Figure 7 is a detailed representation of a portion of
adjacentrunner segments showing the gap between
adjacent segments formed when the segments abut
one another;

Figure 8 is a partial perspective view of the Francis
runner of Figure 2 showing a robotic welding tool
joining adjacent runner segments; and

Figure 9 is a cross-sectional representation of the
Francis runner of Figure 2 after being welded togeth-
er and including a coupling flange welded to the top
of the runner.
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[0036] Referring first to Figure 1, a hydraulic machine
according to embodiments of aspects of the invention is
designated generally by the reference numeral 2. In the
illustrated embodiment, the hydraulic machine 2 com-
prises a Francis turbine 4. The Francis turbine 4 in turn
comprises a Francis runner 6, according to embodiments
of the invention. During operation of the Francis turbine
4, water will enter the turbine via conduit 8 and will flow
through the Francis runner 6, as indicated by arrows 10
in a known manner. The water will then exit via conduit
12. As is well-known in the art, the flow of water through
the Francis runner 6 will cause rotation of the Francis
runner which, in turn, will cause rotation of the shaft 14.
[0037] In other embodiments of the invention, the hy-
draulic machine could be a pump or pump turbine, for
example. When the hydraulic machine 2 comprises a
pump, rotation of the pump runner will cause flow of water
in a known manner.

[0038] Embodiments of the invention, will now be de-
scribed in more detail with reference to Figures 2 to 9.
[0039] Asshown in Figures 2 and 3, the Francis runner
6 comprises a band 20, a crown 22 and a plurality of
blades 24. Each of the plurality of blades 24 extends from
the crown 22 to the band 20.

[0040] The Francis runner 6, according to embodi-
ments of the invention, comprises a plurality of runner
segments 30, as shown in more detail in Figure 5.
[0041] Each runner segment 30 comprises a crown
portion 32 and a band portion 34. Each runner segment
30 comprises a blade 24 which extends between the
crown portion 32 and the band portion 34.

[0042] The crown portion comprises a first crown join-
ing edge 36 and a second crown joining edge 38. Simi-
larly, the band comprises a first band joining edge 40 and
a second band joining edge 42.

[0043] The blade 24 extends between the crown por-
tion 32 and the band portion 34 from an area of the crown
portion that is spaced apart from both the first crown join-
ing edge 36 and the second crown joining edge 38 to an
area of the band portion that is spaced apart from both
the firstband joining edge 40 and the second band joining
edge 42.

[0044] Such aconfiguration ensures that when the run-
ner segments 30 are joined together by, for example, a
welding process, the welds formed are well away from
the high stress regions which are typically where the
blade 24 meets the crown 22 and the band 20, respec-
tively.

[0045] Inthisembodimentoftheinvention, eachrunner
segment 30 will be integrally formed by, for example, a
casting process. In addition, each runner segment 30
used to form a complete Francis runner 6 will be sub-
stantially identically shaped to each other segment.
[0046] Whenitisrequired toassemble the Francis run-
ner 6, the individual runner segments are brought togeth-
er and welds are formed to join adjacent segments to
one another to form the complete Francis runner 6, as
shown in Figure 8. This process will be described in more
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detail herein below.

[0047] Turningnow to Figure 4, the positioning of welds
used to join adjacent segments 30 is shown schemati-
cally. As can be seen, a plurality of welds 50 have been
formed in order to join adjacent runner segments 30 to-
gether to form the complete Francis turbine 6. It can be
seen from Figure 4 that the welds are located ata position
which is away from the blades 24. This ensures that the
welds are not formed in areas of high stress. This, in turn,
means that the joins between adjacent segments will be
stronger than may be the case in similar prior art Francis
turbines.

[0048] The weld may be formed by any convenient
process, but, in this embodiment of the invention, the
welds have been formed using an automated narrow-
gap welding process.

[0049] In order to ensure that the process is efficient,
both the crown joining edges and the band joining edges
have been designed so that they are curved. This can
be seen particularly in Figure 6a which shows a portion
of a pump turbine runner in solid outline.

[0050] Because the joining edges are curved, in an au-
tomated narrow-gap welding process, a welding tool may
be programmed to follow a trajectory in order to create
the welds 50.

[0051] In this embodiment of the invention, the trajec-
tory followed by the welding tool will substantially track
the surface of a cylinder, as shown by the dotted lines
60 in Figure 6. Such a trajectory enables an efficient au-
tomated welding process to be carried out, since there
are no complicated moves that have to be carried out by
the welding tool.

[0052] The radius of the cylinder, the surface of which
is tracked by the trajectory of the welding tool, may be
any convenient radius, and, in some embodiments of the
invention, the radius must be infinite. In such embodi-
ments of the invention, the trajectory of the welding tool
will be substantially a straight line.

[0053] Figure 6b shows an assembled pump turbine
runner which has been produced using a method accord-
ing to the invention.

[0054] Turning now to Figure 7, a detailed partial view
of two adjacent runner segments 30 is shown. As can be
seen from Figure 7, each segment is shaped to have an
extension 70 forming part of a joining edge. This means
that when adjacent runner segments are positioned next
to each otherreadyto be joined, asmallgap 72is created.
The weld is positioned within this gap 72 during the weld-
ing process.

[0055] The narrow-gap angle chamfer may be 1 ° or
1-5° on each side of the gap. The size of the space be-
tween the two faces of the chamfer of the gap is depend-
ent on the size if the welding torch. GTAW narrow gap
torches may be used with the presentinvention. Accord-
ingly, the chamfer root may have a diameter of around
13mm for example. GMAW narrow gap torches typically
require a chamfer root with a larger diameter, for exam-
ple, around 18mm. Accordingly, the small gap 72 may
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have a diameter of between approximately 13mm and
18mm. Other embodiments of the invention may utilise
other sizes of gap, as necessary.

[0056] Turning now to Figure 8, a robotic tool 80 is
shown creating the welds 50 between adjacent runner
segments 30.

[0057] Turning now to Figure 9, a completed Francis
runner 6 is shown in which the adjacent runner segments
30 have been welded together. In addition, a coupling
joint 90 has been welded to the crown 22 of the Francis
runner 6 in order to enable the runner 4 to be connected
to shaft 14, shown in Figure 1.

[0058] The aforementioned embodiments are not in-
tended to be limiting with respect to the scope of the
appended claims, which follow. Furthermore, features of
one or more of the above embodiments may be readily
combined with one or more features of another embod-
iment. It is also clear to the skilled person that various
substitutions, alterations, and modifications may be
made to the invention without departing from the scope
of the invention as defined by the claims.

Claims
1. A runner for a hydraulic machine comprising:

a band;

a crown;

a plurality of blades extending between the
crown and the band,

wherein the runner comprises a plurality of run-
ner segments which together define the runner,
each runner segment comprising a band por-
tion, a crown portion and a blade, which portions
are integrally formed with one another, each run-
ner segment being attachable to another seg-
ment at a band joining edge and a crown joining
edge, wherein the band joining edge and the
crown joining edge are each spaced apart from
the blade of the segment.

2. Arunner as claimed in Claim 1, wherein each crown
portion has a first crown joining edge and a second
crown joining edge, and each band portion has a first
band joining edge and a second band joining edge.

3. A runner as claimed in Claim 2, wherein, in each
segment, the blade extends between the band por-
tion and the crown portion from a part of the band
section remote from both the first and second band
joining edges, to a part of the crown portion remote
from the first and second crown joining edges.

4. A runner as claimed in any one of the preceding
claims, wherein the band joining edges and/or the
crown joining edges are curved.
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5.

10.

1.

12.

13.

14.

A runner as claimed in Claim 4, wherein the band
joining edges and/or the crown joining edges define
an arc of a circle.

A runner as claimed in any one of the preceding
claims, comprising of Francis-type runner.

A method of assembling a runner comprising the
steps of:

forming a runner segment comprising a band
portion, a crown portion and a blade as an inte-
gral component, such thatthe band portion com-
prises a first band joining edge and a second
joining edge, the crown portion comprises a first
joining edge and a second joining edge, which
edges are spaced apart from the blade of the
segment; and

joining a plurality of runner segments together
at the joining edges to form the runner.

A method as claimed in Claim 7, wherein the step of
joining a plurality of runner segments together com-
prises welding.

A method as claimed in Claim 7 or Claim 8, wherein
the step of joining a plurality of runner segments to-
gether comprises narrow gap welding.

A method as claimed in Claim 8 or Claim 9, wherein
the step of welding is carried out by automatically
using a welding tool, which tool follows a predeter-
mined trajectory during the welding process.

A method as claimed in Claim 10, wherein the tra-
jectory defines a cylindrical surface.

A method as claimed in any one of Claims 7 to 11,
wherein the runner is a Francis-type runner.

A hydraulic machine comprising a runner as claimed
in any one of Claims 1 to 6.

A hydraulic machine as claimed in Claim 13 com-
prising a Francis turbine.
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